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SEX DIFFERENCES IN MINIMALLY VERBAL CHILDREN AND 
ADOLESCENTS WITH AUTISM 
MARISA IMMORMINO 
ABSTRACT 
 The prevalence of autism spectrum disorder (ASD) is higher in males than 
females. Previous research has uncovered a female protective effect in which females 
have a higher threshold for genetic abnormality before being affected by ASD. Because 
this also suggests that females with ASD will have more severe symptoms, sex 
differences in symptoms could provide support for this theory. The present study 
investigated differences in autistic symptoms and characteristics in 20 boys and 5 girls 
aged 5-21 who represent a unique subset of the autistic population: minimally verbal 
individuals. The participants, the majority of whom failed to develop language beyond 
phrase speech, completed a variety of assessments at Boston University’s Center for 
Autism Research Excellence (CARE). The present study was a secondary analysis of 
cross-sectional data from two previous studies conducted between May 2012 and July 
2014 at CARE. Sex differences in overall symptoms and the domains of nonverbal 
cognitive ability, social functioning, repetitive and maladaptive behavior, and structural 
and pragmatic language from standardized tests and language samples were examined. 
Language sample videos and the associated transcriptions were coded based on whether 
the child directed his/her speech to other people and the intention behind their language: 
whether they used speech for the purpose of behavior regulation, joint attention, social 
interaction, or an unknown purpose. There were no significant sex differences found in 
		 vi 
any of the measures and no effect of sex when controlling for age and IQ. There was a 
significant effect of IQ found for maladaptive behavior, social functioning, language 
level, directed speech, and speech used for joint attention. There was also a significant 
effect of age on language ability and directed speech. These findings partially conflict 
with those of previous literature in verbal autistic individuals, suggesting that minimally 
verbal individuals have distinct symptomatic profiles. The finding of no sex differences 
in autism symptoms suggests that if a female protective effect exists, it does not manifest 
in more severe symptoms in minimally verbal females. Therefore, this study contributes 
to the knowledge of sex differences in autism by characterizing the symptomatic profiles 
of this subgroup. 
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INTRODUCTION 
 
Autism Spectrum Disorder 
Autism spectrum disorder (ASD), or “autism”, is a lifelong developmental 
disorder characterized by impairments in verbal and non-verbal communicative skills, 
abnormal social interaction and restricted or repetitive behaviors.1 Social interaction 
deficits include abnormal social approach, inability to participate in a reciprocated 
conversation, and failure to initiate or respond to social attempts from others.1 Examples 
of abnormal nonverbal communication in those diagnosed with ASD include lack of 
integration of verbal and nonverbal communicative acts, poor eye contact, abnormal body 
language or use of gestures, and lack of facial expressions.1 In addition, individuals with 
ASD may demonstrate difficulty in developing and maintaining relationships and may 
lack interest in imaginative play and playing with peers.1 
Repetitive behaviors that may occur in autistic individuals manifest in motor 
movements, use of objects, and speech.1 Other common characteristics include preference 
for sameness, need for rigid routines, ritualized behavior patterns, restricted interests, and 
hyper- or hypo-reactivity to sensory input.1 These symptoms may appear in the early 
developmental period or may manifest later due to the inability of the child to meet 
increased social, occupational, or functional demands.1 Autistic individuals range from 
having intellectual disability (IQ of approximately 75 or below)1 to an IQ equal to or 
above the average (greater than or equal to 70 or 80).2,3 
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Sex Differences in Prevalence Rates 
ASD prevalence has increased in recent years, with approximately 1 in 68 
children diagnosed in the U.S since 2010.4 There is a sex difference in autism prevalence, 
with approximately four to five times more males diagnosed than females.5-7 Studies have 
also shown that this ratio decreases as the level of intellectual impairment increases.8,9 
The male-to-female autism ratio is approximately two-to-one for those with moderate to 
severe intellectual disability.8-10 Among individuals without intellectual disability, the 
ratio ranges from six to nine males diagnosed with autism per every female.9,11,12  
The reasons for the sex difference in prevalence and its variation based on 
intellectual ability remain largely unknown. However, studies have investigated whether 
genetic and hormonal factors might result in an increased autism risk for males and a 
protective effect for females. An additional contributor to the differential prevalence rates 
may be the under-diagnosis of girls with ASD due to biases in diagnosis and the presence 
of other developmental issues.13 Additionally, autism symptoms such as intellectual 
impairment may actually manifest differently in boys and girls, resulting in different 
diagnoses.8,12,14 Before investigating sex differences in autism symptoms, it is necessary 
to first explore the potential explanations for the differential autism prevalence rates. 
 
Biological Explanations  
Potential biological explanations for the increased prevalence of autism in males 
compared to females relate to genetic and hormonal factors. Previous genetic research 
has demonstrated that females are less likely to become affected by autism than males 
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due to a higher threshold for genetic abnormality, based on the multiple-threshold 
multifactorial liability model.15,16 This “female protective effect” theory implies that 
females require greater familial etiologic load, or increased genetic mutation, than males 
to be affected by ASD.17,18 This theory has been supported by studies showing that 
relatives of females with ASD were at increased risk to develop the disorder compared to 
relatives of males with ASD.19 The idea of a female protective effect was also supported 
by Robinson and colleagues,17 who found siblings of autistic females to have more 
autistic-like traits than siblings of autistic males. Related to specific inherited genetic 
variants, Sato et al20 determined that males with microdeletions of the SHANK1 gene had 
autism, while female relatives with this microdeletion did not. In addition to inherited 
variants, a higher proportion of autistic females than males were carrying de novo copy 
number variants (CNVs; spontaneous, uninherited duplication or deletion of portion of 
the genome), which are associated with autism.21-23 This further demonstrates the 
increased genetic load of females that develop ASD. Gockley et al24 found that the 
female protective effect for ASD was not mediated by a single genetic locus when 
comparing single nucleotide polymorphisms (SNPs; variation in one building block, or 
nucleotide, in DNA) in affected and unaffected females.  
Genes from sex chromosomes have also been implicated as a potential cause of 
the female protective effect. ASD diagnosis is increased in those with the chromosomal 
disorders Turner syndrome25-27  and Klinefelter syndrome.28,29 Turner syndrome is a 
genetic condition in which females have a single intact X chromosome rather than the 
typical two X chromosomes.25,30 The majority of females with autism and Turner 
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syndrome have an intact maternal X chromosome, so it was proposed that genes 
expressed from the paternal X chromosome are protective from autism.25-27,31 This theory 
could also explain the high prevalence of autism in those with Klinefelter syndrome. This 
chromosomal disorder affects males and results in an extra X chromosome, which is 
maternal in 40-50% of these individuals.15,32 Therefore, the presence of an extra maternal 
X chromosome could contribute to the prevalence of autism in this population. This 
provides support for the female protective effect for autism because males do not receive 
the protective paternal X chromosome. 
Another explanation of higher autism risk in males is the “Extreme Male Brain 
Theory,” which implicates increased testosterone as a risk factor.33 This theory is based 
on the finding that both males and females with autism demonstrated profiles similar to 
typical males based on measures of empathy and systemizing.33,34 Typical females scored 
higher on measures of empathy, or the ability to understand another’s thoughts and 
feelings.15,34 Typical males performed better on systemizing measures, which test one’s 
ability to be involved in rule-based systems.15,34 Similar to typical males, both females 
and males with ASD scored higher on systemizing measures than empathy measures.34 
Since fetal testosterone levels cause masculinization during gestation, Baron-Cohen 
theorized that it plays a role in this hypermasculinization of the brain in those with 
ASD.33 This was supported by previous studies showing correlations between fetal 
testosterone levels and systemizing ability35 as well as with autistic traits.36 In addition, 
fetal testosterone was found to be negatively correlated with empathy measures,37 but 
positively correlated with the volume of sexually dimorphic brain regions.38 
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In addition to fetal testosterone, testosterone levels in adults with ASD were 
elevated compared to controls matched on sex and age.15, 39 The increased testosterone 
levels in individuals with ASD may be mediated by the gene RORA (retinoic acid-related 
orphan receptor-alpha), which is reduced in the brains of autistic individuals.40 RORA 
regulates the expression of the enzyme aromatase, which is activated by estradiol but 
inhibited by testosterone.41 Hu and colleagues42 found that RORA was more highly 
correlated with its targets in the brains of male compared to female mice. In humans, 
autistic males but not autistic females had similarly strong correlations between RORA 
and aromatase proteins in the brain as male and female controls.42 This means that RORA 
disruption in males could result in increased dysregulation of ASD-related genes 
compared to females.42 Therefore, there is substantial support for the role of testosterone 
and its modulation in causing a differential risk of autism development in males and 
females. The “Extreme Male Brain Theory” and role of testosterone also provide further 
support for a female protective effect due to hormonal sex differences in individuals with 
autism. 
 
Misdiagnosis Hypotheses 
In addition to the potential for a female protective effect, the under-diagnosis of 
girls with ASD could also contribute to the differential prevalence rates. Girls were less 
likely than boys to have a documented ASD classification although both groups had ASD 
symptoms reported in clinical records and received developmental evaluations and 
classifications at similar ages.13 A potential explanation for this discrepancy is that 
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clinicians used invalid parent reports to make diagnostic decisions.13 Parent reports of 
children’s behaviors may be biased based on expectations of how girls and boys should 
behave, otherwise known as “interpreting bias”.13,43 One study showed sex differences in 
parent reports of their child’s behavior, but not in the direct assessment of the child’s 
social and language abilities.44 This provides support for the presence of a bias in parent 
reporting of behaviors. Interpreting bias could also lead to over-diagnosis of boys, based 
on the increased likelihood of documented externalizing behaviors such as hyperactivity 
and aggression in boys.13 Interpreting biases of parents and clinicians could contribute to 
the discrepant prevalence rates in boys and girls with autism. 
Another potential explanation for the sex differences in documented diagnosis is 
the presence of additional issues in girls. Girls with ASD may have other intellectual, 
developmental and medical conditions that result in an alternative diagnosis to autism.13 
Among children without a documented ASD classification, diagnoses of intellectual 
disability, general developmental delay and epilepsy or seizure disorder were more 
common in girls than boys.13 When investigating differences in ASD symptoms, the 
study only found a higher incidence of seizure-like behaviors in girls compared to boys.13 
Therefore, investigation of additional symptoms of autistic girls is necessary to determine 
whether these alternative diagnoses were valid. Comparing autistic symptoms between 
boys and girls could also provide insight related to the presence of a female protective 
effect. Before investigating symptomatic sex differences in autistic individuals, it is 
necessary to elucidate differences in typical development. 
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Sex Differences in Typical Development 
Previous studies have investigated sex differences in the abilities of neurotypical 
individuals at different points in development. Results related to intellectual ability in this 
population are varied based on the age of participants. Lai and colleagues45 found no sex 
differences in neurotypical adults in a mentalizing and emotion perception task or a test 
of executive function. However, they also found that neurotypical female adults had a 
higher verbal IQ, but lower nonverbal IQ than neurotypical males.45 On the other hand, 
males showed higher nonverbal IQs than females in a meta-analysis of university 
students.46 In typically developing children, Khaleefa and Lynn47 found no sex 
differences in nonverbal IQ scores.  
In terms of autistic-like symptoms, several studies have uncovered sex differences 
in neurotypical adults and children. In a sample of typical adults, males demonstrated 
increased autism-like symptoms compared to females based on a self-reported 
questionnaire called the Autism-Spectrum Quotient.48 The same result was found in 
typical adolescents with a parent-reported version of the questionnaire when age was 
controlled.49 More specifically, adolescent males showed more autistic-like 
communication, social and imagination deficits, attention to local details and poor 
attention switching compared to females.49 Baron-Cohen and Wheelwright50 found that 
typical adult females showed enhanced empathy compared to typical males. In 
neurotypical children but not neurotypical adults, girls were better than boys at 
recognizing words in an audiovisual integration task.51 Therefore, age is an important 
factor in determining sex differences in the abilities of neurotypical individuals. These 
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differences, or lack thereof, can be used as a point of comparison when investigating the 
abilities of boys and girls with autism. 
 
Sex Differences in Cognitive Ability in ASD 
Unlike typically developing children but similar to typical university students, sex 
differences in cognitive, or intellectual ability exist among those with ASD. Studies have 
shown that autistic males had higher nonverbal IQs, while autistic females tended to have 
IQs in the lower range.8,12,14 More specifically, Tsai and Beisler52 found that a higher 
proportion of females than males with ASD had IQs of less than 50. Therefore, males and 
females with autism demonstrate differing levels of intellectual ability. The relationship 
between cognitive ability and other autistic symptoms should be investigated in order to 
further understand the sex difference in prevalence of ASD. 
Previous research has uncovered a relationship between IQ and severity of autism 
symptoms. One study found that autistic females with a lower IQ had more social 
impairment and reduced adaptive behavior skills than those with a higher IQ.53 In 
addition, Hus et al54 found that nonverbal IQ was negatively correlated with social 
ability, verbal and nonverbal communication, and restricted and repetitive behaviors in 
individuals with ASD. This relationship between IQ and autism symptoms and the sex 
difference in IQ of autistic individuals could therefore skew findings of symptomatic sex 
differences. Previous findings further support that sex differences in symptoms may be 
due to differences in IQ in males and females with ASD. Lord and colleagues14 
determined that sex differences in eye-hand integration and perception tasks were not 
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significant when controlling for IQ. In a sample including individuals with ASD, Skuse et 
al55 found an inverse relationship between verbal IQ and social communication 
impairment in girls of all IQ levels, but not in boys with above-average IQ. Lai and 
colleagues56 also found a relationship between history of language delay and current 
performance IQ in females but not males with ASD. It is therefore important to control 
for cognitive ability when examining sex differences in autistic symptoms. 
 
Sex Differences in Autism Symptoms 
Several studies have investigated sex differences in autism symptoms with the 
intent of providing an explanation for the increased prevalence of males with autism. 
Overall, results were conflicting, regardless of whether researchers controlled for 
cognitive ability. A few studies that matched participants based on intellectual ability 
found symptom differences in autistic males and females without severe intellectual 
impairment.56,57 More specifically, females exhibited less severe socio-communication 
and social development deficits, but increased sensory symptoms compared to males.56,57 
One of the aforementioned studies was conducted by Lai et al56 and included a research 
sample from a research database, diagnostic clinics, and autism support organizations. 
Therefore, the findings were likely not biased by a homogeneous sample or effects of age 
and IQ since participants were matched. On the other hand, Frazier et al53 demonstrated 
that autistic females had more social communication deficits, in addition to less restricted 
interests and weaker adaptive skills compared to males. This large sample was derived 
from an autism database and included participants aged 4-18 diagnosed with ASD, 
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mainly without intellectual disability.53 Due to the sample size, there were few 
demographic differences between males and females but these factors were still 
controlled in order to avoid potential confounding of results. The study was well-
controlled by the use of moderator and mediator analyses to detect any effects of 
cognitive ability on sex differences.53 Mandy and colleagues58 found that females had 
fewer repetitive or stereotyped behaviors, but similar levels of socio-communication 
impairment as males based on direct observation and parent report. However, teacher 
reports revealed that males with ASD had more social problems in school than females.58 
The sample included children and adolescents with ASD (aged 3-18 years) that were 
recruited from a specific specialist clinic that caters to children with social 
communication issues but without intellectual disabilities.58  Therefore, the results may 
not be generalizable due to the homogeneity of the sample. However, Mandy et al58 
controlled for potential effects of age and IQ on sex differences in symptoms. A study by 
Lord and colleagues14 confirmed the finding of less stereotypic behavior in female 
compared to male children with ASD when controlling for IQ. 
A few studies have examined sex differences with respect to autistic 
symptomology among individuals with ASD in early childhood. In young children (aged 
1.5-3.9 years) with ASD, girls were more impaired in communication but showed fewer 
restricted, repetitive and stereotypic behaviors compared to boys.59 Hartley and Sikora59 
recruited this sample from an autism clinic in the northwest part of the US. Therefore, the 
sample may be relatively homogeneous and results may not be generalizable. However, 
age and cognitive ability were controlled in order to eliminate any effect on sex 
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differences in autism symptoms.59 Similarly, another study on toddlers with ASD found 
that girls performed worse in language tasks in addition to having worse social-
competence scores compared to boys.44 In this study, Carter et al44 recruited children 
between the ages of 18 and 33 months from another longitudinal ASD research study. 
However, the sample was derived from predominantly white and middle class families 
and therefore the generalizability of results may be limited.44 The study was well 
controlled due to inclusion of age and nonverbal cognitive ability as predictors along with 
sex in statistical analyses.44 The sex differences seen in early childhood are therefore not 
identical to those seen in verbal adults with ASD.  
On the other hand, multiple studies have failed to find sex differences in autism 
symptoms in children or adolescents. A study by Holtmann and colleagues43 found no 
differences in expert ratings of social interaction, communication, or repetitive, 
stereotyped behavior between autistic males and females aged 5-20 without intellectual 
disability. Participants were matched for age and IQ and were patients from the 
Department of Child and Adolescent Psychiatry or recruited from an international autism 
project.43 Therefore, the sample was relatively heterogeneous due to the inclusion of 
individuals from an international project. Similarly, Pilowsky et al60 failed to find sex 
differences in autism symptoms in children matched on chronological and mental age. 
Another study matching participants on age and IQ also found no differences in 
childhood autism symptoms between males and females with ASD without intellectual 
disability.56 Baren-Cohen et al49 failed to find sex differences in autism symptoms in 
adolescents with ASD based on a parent-reported questionnaire. This study was well-
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controlled for age but not IQ because participants were only stratified into two groups 
based on IQ.49 Due to inconsistencies, these results cannot fully characterize the 
differences in symptomatic profiles of boys and girls diagnosed with autism. 
The results relating to sex differences in symptoms among children and adults 
with ASD are in contrast with those found in neurotypical individuals. The findings are 
also inconsistent with each other, with some studies showing robust differences and 
others having null findings. The inconsistency among these studies is likely due to 
differences in study design, participant characteristics and matching strategies.44 While 
some studies focused on younger autistic children or older adults, others included a broad 
age range. Studies with individuals of a wide variety of ages tend to report inconsistent 
findings related to sex differences, which could be due to a moderating role of age.58 
While some participants were recruited from research samples, others were from 
diagnostic clinics. Samples derived from different settings may have different 
characteristics and therefore this would contribute to inconsistencies between studies. In 
addition, older research may be inconsistent with more recent studies due to the changes 
in diagnostic criteria for ASD over the years.44 Previous research has also included 
autistic individuals with various levels of functioning or focused on adults without 
intellectual disability or young toddlers.44 The lack of statistical power caused by a 
limited available sample of females with ASD may have differential effects on studies 
based on the degree of intellectual impairment of the participants.58 Therefore, while the 
well-controlled studies provide insight into the symptomatic differences between males 
and females with ASD, additional research is needed to fully characterize autism 
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symptom profiles. Since previous research focused on verbal individuals with autism, 
information is limited regarding sex differences in individuals with minimal verbal 
ability. 
 
Defining the Minimally Verbal Subgroup 
 
Minimally verbal individuals have been underrepresented in the previous research 
on sex differences in ASD symptoms. While many preschool children with ASD do 
eventually acquire some spoken language skills (preverbal), approximately 25-30% 
remain “non-verbal” or “minimally verbal” by the time they start kindergarten.61,62 These 
minimally verbal children may vary from only using nonspeech sounds and vowel 
approximations, to using specific phrase speech such as “want …”, to engaging in 
echolalia or scripted language.62 They may also use alternative means of communication 
including sign language, Picture Exchange Communication System (PECS) or writing.62 
These individuals make up a significant portion of the autism population, so there is a 
need to characterize their symptom profiles.   
Research on this group is limited because these children display behaviors that 
interfere with their performance in standardized test situations.62,63 They lack the 
motivation to participate, show noncompliance with demands, demonstrate disinterest in 
engaging with the examiner, perform challenging or escape-oriented behaviors, express 
anxiety, and may lack understanding of the task.64 However, certain standardized and 
non-standardized assessments such as direct assessment, parent report and natural 
language samples have been used to define the abilities of this group.63,65 Once the skills 
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of these minimally verbal individuals are characterized, then sex differences in symptoms 
can be investigated. 
 
Language Ability in Minimally Verbal Individuals with ASD 
Sex differences in autism symptoms among minimally verbal individuals with 
ASD have not yet been researched. Because this population is defined by their language 
impairment, and sex differences in language ability have been found in verbal individuals 
with ASD, it is important to further investigate language in minimally verbal boys and 
girls. In addition to structural language ability, the social (pragmatic) use of language is 
of interest due to the conflicting results regarding sex differences in socio-communication 
ability in verbal individuals. Certain skills, including intentional communication 
behaviors such as joint attention, were shown to play a major role in language 
development in children.66 Joint attention in communication occurs when a child speaks 
to direct another’s attention to an object, event or topic.67 This skill is associated with 
language ability in those with ASD, and can be assessed in minimally verbal 
individuals.63 Additional types of intentional communication include behavior regulation 
(regulating another’s behavior to obtain a result) and social interaction (attracting 
another’s attention to oneself).67 
While sex differences in intentional communication in individuals with ASD 
remain unknown, differences in neurotypical participants have been demonstrated. 
Maljaars and colleagues68 found that boys aged 3-11 years used communication for the 
purpose of joint attention more than girls of the same age in a sample of typically 
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developing children. Because minimally verbal children with autism differ from typical 
children in their use of joint attention and other communicative acts, sex differences may 
not extend to this population. More specifically, nonverbal autistic children have 
demonstrated deficits in joint attention69 and tended to communicate mainly for the 
purpose of behavior regulation.68 Sex differences in the three types of intentional 
communicative acts in minimally verbal participants have not yet been determined. 
Investigating these differences in this population is of interest due to the role of 
intentional communication in language development and previous conflicting findings of 
sex differences in verbal autistic individuals. 
 
Study Rationale 
The reason for the sex difference in the prevalence rate of ASD is uncertain and 
has motivated further investigation. There is substantial evidence that a female protective 
effect exists and may manifest itself in more severe symptoms in females with ASD.18 
Because the majority of previous research on sex differences in autism focused on verbal 
individuals, knowledge related to minimally verbal individuals is lacking. Investigating 
sex differences in symptoms of the minimally verbal group would help to determine 
whether a female protective effect manifests in the symptoms of these individuals. In 
addition, knowledge of the symptomatic profiles of minimally verbal individuals could 
promote early diagnosis and access to treatment for both boys and girls.  
 
Purpose 
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The aim of the present study was therefore to increase the understanding of sex 
differences in autism as they pertain to minimally verbal individuals by characterizing 
their symptomatic profiles. More specifically, sex differences in cognitive ability, 
repetitive behavior, language, social functioning, maladaptive behavior and ASD 
symptom severity were examined. This study also expanded on current research 
characterizing the language ability of this minimally verbal group by investigating sex 
differences in measures derived from natural language samples. While sex differences in 
intentional communication have been demonstrated in typically developing children, 
research on differences in minimally verbal individuals with ASD is lacking. This study 
therefore aimed to fill the gaps in the research by characterizing language profiles in this 
ASD subgroup. 
 
Primary Study Question 
Therefore, the primary question was: are there sex differences in ASD symptoms and the 
associated characteristics of nonverbal cognitive ability, social functioning, repetitive and 
maladaptive behavior, and language in minimally verbal children and adolescents with 
ASD? 
 
Primary Objective 
The primary objective was to investigate sex differences in ASD symptoms and 
associated features in minimally verbal children and adolescents with ASD. This 
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involved comparing scores on a variety of assessments used to measure these abilities in 
minimally verbal girls and boys.  
 
Secondary Objective 
The secondary objective involved investigating sex differences in the amount of 
speech directed to another person and the type of intentional communication used based 
on language samples of minimally verbal individuals with ASD.  
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METHODS 
 
Study Design 
This is a secondary analysis of existing cross-sectional data from two studies 
conducted at the Center for Autism Research Excellence at Boston University. The 
Measuring Autism Potential (MAP) pilot and Brain Systems for Language (BSL) studies 
were approved by the IRB at Boston University’s Charles River campus. The present 
study was approved by the IRB at Boston University School of Medicine. The two 
previous observational studies involved conducting various standardized and non-
standardized assessments with participants in addition to collecting data from parent 
interviews or questionnaires. Informed consent was obtained from parents for these 
studies and involved obtaining permission to videotape assessments with their children. 
Videos from one assessment were used in this study as a language sample for coding 
specific language measures for each child.  
 
Participants  
Minimally verbal individuals with ASD between the ages of 5 and 21 made up a 
portion of the participants in the previous studies and their data was analyzed for this 
study. Participants were defined as minimally verbal in this study if they received either 
Module 1 or Module 2 of the Autism Diagnostic Observation Schedule (2nd Edition, 
ADOS-2),70 and Adapted ADOS (A-ADOS)71 and therefore had a maximum language 
level of phrase speech. Participants younger than eight years old received the ADOS-2 
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while older participants received the A-ADOS. Data from a total of 25 participants was 
used for this study based on compliance with the criteria for minimal verbal ability. Two 
participants participated in both studies, but their data were only counted once. Their 
more recent data from the BSL study was used for analysis in this study.  
The sample included 5 girls and 20 boys between the ages of 5 and 21, with 17 
participants from the MAP study and 8 participants from the BSL study. The MAP pilot 
study participants were recruited and enrolled starting in May 2012 until enrollment 
closed in December 2013. Participant recruitment for the BSL study remains ongoing, but 
only data collected from participants that completed the assessments between February 
2014 and July 2014 was used for this study.  
Inclusion and exclusion criteria differed slightly between the two studies. 
Applicable criteria are listed below. 
Inclusion Criteria: 
MAP study 
-Children/adolescents ages 5-21 with an autism diagnosis based on the ADOS and 
Autism Diagnostic Interview-Revised (ADI-R)72 
-Minimally verbal language level 
BSL study 
-Adolescents ages 14-20 diagnosed with ASD 
-Minimally verbal language level 
-Demonstrated minimal progress in speech acquisition despite having participated in 
speech therapy for at least 18 months 
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Exclusion criteria: 
MAP study 
-Children from family environments in which English was not the primary language 
spoken 
-History of brain trauma or known hearing or visual impairment (uncorrected)  
BSL study 
-History of significant neurological diseases, sensory impairment or disorders other than 
ASD 
-Currently taking antipsychotic medications 
 
Measures 
The assessments conducted were slightly different between the studies, with some 
overlap. Those used in the present study include the ADOS-2,70 A-ADOS,71 Leiter 
International Performance Scale (3rd ed.),73 Raven’s Colored Progressive Matrices,74 
Vineland Adaptive Behavior Scales—Second Edition (VABS; Vineland-II),75 Repetitive 
Behavior Scale-Revised (RBS-R),76 Aberrant Behavior Checklist (ABC),77 and Peabody 
Picture Vocabulary Test-Fourth Edition (PPVT-4).78 These assessments were used 
because scores were available for participants from both studies and the assessments have 
been recommended for measuring the abilities of the minimally verbal population.63 
Table 1 shows the assessments that were used to measure each domain, including ASD 
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symptoms, nonverbal cognitive ability, social functioning, repetitive and maladaptive 
behavior, and language. 
 
Demographic Characteristics 
The following demographic information was collected from parent questionnaires and 
analyzed in this study: the child’s age, child’s race, child’s ethnicity, annual household 
income, and the highest level of education completed by parents. These characteristics 
were compared between boys and girls. 
 
Diagnostic/ASD Symptom Measure 
The ADOS-270 and A-ADOS71 assessments were administered in the previous 
two studies to confirm a diagnosis of ASD. In the present study, these assessments 
provided a measure of ASD symptom severity. They are semi-structured interactions 
between a child and experimenter that are used to assess the core symptoms of social 
affect and restricted and repetitive behavior. Younger children were assessed with the 
ADOS-2 Module 1, for children with no words or primarily single words. The 
standardized ADOS-2 diagnostic algorithm was used to calculate scores for the two 
domains and overall symptoms. A diagnosis was made based on whether the child 
exceeded threshold scores, with higher algorithm scores reflecting increased level of 
abnormality. Classifications from the ADOS include non-spectrum, autism spectrum 
disorder, or a more severe diagnosis of autism. The algorithms used in the ADOS-2 for 
diagnosing autism have been validated.79 
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 Older participants received the A-ADOS assessment rather than the ADOS-2 
because it was designed for minimally verbal adolescents and adults. The A-ADOS was 
created by altering the ADOS tasks and materials that were only appropriate for young 
children. Although the A-ADOS has not been officially validated, preliminary data 
provided support for its reliability and discriminative diagnostic validity.71,80 Because the 
items and coding system were similar to that of the ADOS-2, the creators of the A-ADOS 
recommended using the validated ADOS-2 algorithm with the A-ADOS. There are two 
modules for the A-ADOS, with Module 1 designed for those who are non-verbal or use 
mainly single words, and Module 2 designed for those who use phrase speech.71 
 In the present study, two participants were administered Module 1 of the ADOS-2 
because they were younger than 8 years old, and were determined to be non-verbal or 
used single words. The older participants received the A-ADOS assessment, with 19 
participants administered Module 1, and three participants administered Module 2. The 
Module 1 ADOS-2 algorithm was used to calculate scores for overall symptoms, social 
affect, and repetitive behavior domains for all participants. The item “Integration of gaze 
and other behaviors during social overtures” from the social affect algorithm is included 
in the ADOS-2 but absent from the A-ADOS. In order to adjust for this, the value was 
imputed for those who received the A-ADOS by using the average of that participant’s 
other social affect items. 
 
Nonverbal Cognitive Ability 
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Nonverbal cognitive ability was measured by the Leiter International Performance 
Scale (3rd ed.)73 for BSL participants and Raven’s Colored Progressive Matrices74 for 
MAP participants. Nonverbal cognitive ability refers to the ability to solve problems 
using visual or hands-on learning. Tests used to measure nonverbal cognitive ability 
typically assess reasoning and symbolic skills, memory, attention, and processing speed. 
In order to most accurately assess the abilities of minimally verbal individuals with ASD, 
untimed and visually-based tests that assess perceptual or matrix reasoning are 
recommended.63,81 The Leiter and Raven’s Matrices are the most common tests used to 
measure nonverbal cognitive ability in children with ASD.63 Both can be used with 
individuals of a variety of ages, ranging from 5 to 80 years for the Raven’s Matrices and 
3 to 75 plus years for the Leiter-3.  
The Raven’s Matrices includes 60 multiple-choice questions in which the 
participant must choose the missing item in order to complete a pattern. The Leiter-3 is 
designed to be administered with minimal verbal instruction in order to accommodate 
examinees with speech or hearing problems, and cognitive delays. In this test, the 
examiner primarily uses gestures to relay instructions and examinees are required to 
manipulate foam shapes, pictures, and blocks in different tasks. There are five subtests in 
the Leiter-3 that can be used to calculate nonverbal IQ, with the Form Completion subtest 
being the most similar to the Raven’s Matrices. The Form Completion subtest involves 
matching fragmented pieces to their whole version.  
In order to compare these two measures of nonverbal IQ, raw scores on the 
Raven’s Matrices and Leiter-3 Form Completion subtest were standardized and converted 
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to z-scores based on sample means. Estimated IQ scores were not used because they were 
calculated differently in the two assessments. In addition, there was a floor effect in the 
IQ level of those who received the Raven’s Matrices, but not for those who received the 
Leiter-3 test. Therefore, the IQ calculations were not comparable.  
 
Social Functioning 
The ADOS-2 and A-ADOS social affect (SA) algorithm scores were used as a 
measure of social functioning. The items in the Module 1 ADOS-2 SA algorithm include: 
frequency of spontaneous vocalization directed to others; pointing; gestures; unusual eye 
contact; facial expressions directed to others; integration of gaze and other behaviors 
during social overtures; shared enjoyment in interaction showing; spontaneous initiation 
of joint attention; response to joint attention, and quality of social overtures. 
In addition, the Socialization subscale of the Vineland Adaptive Behavior 
Scales—Second Edition (VABS; Vineland-II)75 was included as a social measure. This 
assessment is typically administered as a semi-structured interview with a primary 
caregiver and provides information about the child’s level of adaptive behavior. The 
Vineland-II scoring includes items from the domains of Communication, Daily Living 
Skills, Socialization, Motor Skills, and Problem Behaviors. The Socialization domain 
assesses abilities related to relationships, emotion regulation and behavior management. 
The Vineland has demonstrated concurrent validity with another adaptive behavior scale 
in measuring behavior in an autistic sample.82 
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The Vineland-II was administered as an interview to parents of BSL participants. 
Parents of participants in the MAP study received the caregiver rating form version of the 
Vineland-II, which involved filling out information on their own. The sums of 
participants’ raw scores in the socialization domain were used for analysis because 
standard scores minimized the variability between participants. Since standard or age-
adjusted scores were not used, age was controlled for in statistical analysis to eliminate 
its effect on test scores. 
 
Repetitive Behavior 
Repetitive behavior was measured with ADOS-2 and A-ADOS restricted, and 
repetitive behavior (RRB) algorithm scores. Items in the Module 1 ADOS-2 RRB 
algorithm include: intonation of vocalizations or verbalizations; stereotyped/idiosyncratic 
use of words or phrases; unusual sensory interest in play material/person; hand and finger 
and other complex mannerisms, and unusually repetitive interests or stereotyped 
behaviors. 
Repetitive Behavior Scale-Revised (RBS-R)76 scores were also used as a measure 
of repetitive behavior. The RBS-R is a questionnaire in which parents provide 
information about their child’s repetitive and stereotyped behaviors. Parents are required 
to rate the severity of certain behaviors that their child displays on a scale from 0-3. A 
score of 0 means that the behavior doesn’t occur, where a score of 3 represents a 
“behavior which is deemed a severe problem.” The six subscales include: Stereotyped 
Behavior; Self-Injurious Behavior; Compulsive Behavior; Ritualistic Behavior; Sameness 
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Behavior, and Restricted Behavior. Participants’ raw scores on these subscales were 
summed to create an overall score of repetitive and stereotyped behavior. The RBS-R has 
demonstrated validity and reliability in measuring repetitive behavior in individuals with 
autism.76 
 
Maladaptive Behavior 
Maladaptive behavior was measured by summing raw scores from the Vineland-II 
internalizing and externalizing behavior items. This assessment requires parents to rate 
items based on the frequency of occurrence. Examples of internalizing behaviors include 
anxiety and avoidance of social situations, while externalizing behaviors include 
maladaptive behaviors such as temper tantrums and bullying.  
Aberrant Behavior Checklist (ABC)77 scores were also used as a maladaptive 
behavior measure. The ABC is a rating scale in which parents rate the degree to which 
their child displays a variety of behaviors or characteristics that can be considered 
maladaptive. The scale ranges from 0-3, in which a score of 0 indicates that the behavior 
is “not at all a problem”, while a score of 3 is indicative of a severe problem.  There are 
five subscales that measure different types of maladaptive behavior, including: irritability, 
lethargy, stereotypy, hyperactivity, and inappropriate speech. Participants’ raw scores 
from each of these subdomains were summed to create an overall measure of maladaptive 
behavior. The validity of the ABC was demonstrated by an exploratory factor analysis 
that revealed the robustness of its factor structure in participants with ASD.83 
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Language 
Language was measured by both a standardized assessment and measures derived 
from a language sample. The Peabody Picture Vocabulary Test-Fourth Edition (PPVT-
4)78 was used as a standardized measure of receptive language ability. During this 
assessment, the examiner labels one of four pictures on a page and asks the child to point 
to that picture. Raw scores for this assessment were used because many participants 
scored too low to achieve a baseline standard score. In addition, the standard scores 
minimized differences between participants. The PPVT, as a standardized measure of 
language, has been correlated with language measures from language samples of autistic 
individuals, demonstrating the validity of both types of assessments in measuring 
language ability in this population.84 
 
Language Sample Coding 
Language samples, or natural language samples, are measures of the expressive 
language of children that involve an interaction between the child and either a parent or 
experimenter in which social presses are used to elicit verbal responses from the child.65 
The validity of language samples as accurate measures of language ability has been 
established for verbal children with autism.65 In addition, language samples were found to 
measure similar aspects of language as standardized language assessments.84 Scores on 
standardized vocabulary tests including the PPVT were shown to correlate with measures 
derived from natural language samples, such as the number of different word roots.84 In 
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this study, a natural language sample was derived from videotapes of the administration 
of the ADOS-2 and A-ADOS.   
Data is collected from a language sample by transcribing the child’s speech from 
a video clip and consists of certain quantitative measures of their language.63 In this 
study, data was missing for one male participant due to the lack of audio in his video. The 
children’s speech was first transcribed from the videos based on the Systematic Analysis 
of Language Transcripts (SALT)85 program format. The transcription process involved 
watching the videos and manually typing the utterances of the examiner, child, and other 
adult in the room during the ADOS-2 and A-ADOS. Utterances that were transcribed 
included all words, speech-like and non-speech-like vocalizations of people in the video. 
Speech-like sounds that were not discernable words were labeled as “XXX.” Non-
speech-like vocalizations included noises such as laughter, moans, squeals, cries, hums, 
or yells. A consensus model was used for transcriptions in which one research assistant 
transcribed the language sample and another checked it. Once the transcriptions were 
inputted into the SALT program, it automatically calculated total utterances and other 
quantitative measures of the child’s language. For this study, the number of different 
words (NDW) and mean length of utterance (MLU) were included in analysis in addition 
to measures that were hand-coded. MLU is the average number of words per utterance in 
the child’s speech. Participants who did not use any words had a MLU of zero, since 
MLU only included discernable words rather than all speech-like utterances. MLU and 
NDW were included in analysis because they were quantitative measures of language 
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output. While MLU shows the amount of speech produced by the children, NDW 
measures the scope of language used. 
In addition to the measures automatically calculated by the SALT program, 
research assistants coded the child’s utterances by hand using various coding schemes. A 
grammatical coding scheme was used since boys with autism have shown increased 
errors in receptive grammar compared to typically developing boys with similar receptive 
vocabulary levels.86 Grammatical level of participants was assessed in the present study 
to provide an additional measure of the sophistication of speech output in minimally 
verbal children. While MLU showed the average number of words spoken in an 
utterance, grammatical codes confirmed whether these words formed a meaningful 
sentence. Grammatical level was hand-coded for utterances with two or more words from 
the transcriptions by categorizing the child’s utterances based on their components. A 
code of “phrase without verb” indicated that the utterance did not have any verbs, while a 
code of “phrase with verb” was assigned to utterances that included a verb. A code of 
“sentence” was assigned to utterances that included a verb, subject and object, whether or 
not it was grammatically correct. The SALT program then summed all the codes in each 
category, in addition to automatically calculating the number of one-word utterances for 
each participant. A point system was used in order to create a summed score for 
grammatical level, with different levels of speech assigned a different number of points: 
one-word utterances were one point, “phrase without verb” was two points, “phrase with 
verb” was three points, and “sentence” was four points. The total possible point value for 
each participant was calculated by multiplying their number of utterances by four, which 
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assumes the most advanced language level. Then the percentage of points earned by each 
participant out of their total possible points was determined.  
The videos of the ADOS and A-ADOS and the associated transcriptions were also 
coded for directedness based on how often the child directed speech to another person.87 
The definition of directedness was adapted from Paul, 87 where an utterance was coded as 
directed to a person if the participant looked at, referred to, or addressed the person in 
some way. Utterances were coded as either “directed to the examiner”, “directed to adult” 
when directed to the other adult present, or “directed to mirror” when directed to the 
mirror in the room. Utterances that were not directed to anyone were coded as 
“undirected”. If the child’s face was not visible in the film, the utterance was left 
uncoded. These codes were inputted in SALT and the program then calculated their 
frequency. 
Each child’s directed utterances were then also coded based on the 
communicative intent, or the purpose behind the child’s speech. The coding scheme from 
Wetherby and Prizant’s Communication and Symbolic Behavior Scales: Developmental 
Profile (CSBS-DP)67 was used with the minimally verbal participants since it was 
designed for children at risk for communication and language impairments. While the 
CSBS-DP is appropriate for those with a functional communication age of 6 to 24 
months, the assessment materials are designed for children aged 6 months to 6 years.67 
Therefore, the videos of the ADOS or A-ADOS were used rather than administering the 
CSBS-DP. Coding schemes for intentional communication from the earlier CSBS88 have 
been used in previous studies on language in verbal89 and nonverbal autistic children.68 In 
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addition, the CSBS-DP codes show overlap with those from the Early Social 
Communication Scales (ESCS),90 an assessment recommended for use with minimally 
verbal children.63  
Based on the CSBS-DP coding scheme for communicative intent, the child’s 
utterances were coded as “behavior regulation”, “social interaction”, or “joint attention” 
based on the purpose of their speech.67 A code of “unclear” was used when an utterance 
did not fit in these categories. The “behavior regulation” code was used when a child 
requested an object or action from the examiner, or protested an object or action. The 
“social interaction” code was used for requests for a social routine, requests for comfort, 
calling, greeting, showing off, and requesting permission. Participants’ utterances were 
coded as “joint attention” when they were commenting on an object or action or 
requesting information about an entity, event, or previous utterance. Reliability between 
the two coders was calculated for the four codes and found to be more than 80%. SALT 
calculated the frequency of the codes when they were inputted.  
The language composite measure included PPVT-4 scores, MLU, NDW and 
grammatical level measures. The directedness and communicative intent coding were 
analyzed separately since they measured pragmatic use of language in social contexts 
rather than structural language ability. The directedness measure was the percent of 
speech directed to a person (either to examiner or adult) out of total utterances. The 
communicative intent measure was the percent in each category out of the child’s total 
directed speech. Table 2 summarizes the transcription measures calculated by the SALT 
software and the codes used for grammatical level, directedness and communicative 
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intent. Figure 1 shows the method of coding, where only directed utterances were coded 
for communicative intent. 
 
Table 1. Summary of measures for each domain. 
 
Non-Composite Domains Composite Domains 
 
ASD 
Symptoms 
 
Nonverbal 
Cognitive 
Ability 
Social 
Functioning 
Repetitive 
Behavior  
Maladaptive 
Behavior  
Language  
ADOS-2 
 
Leiter-3 ADOS/ 
A-ADOS 
Social Affect 
ADOS/ 
A-ADOS 
Repetitive 
Behavior 
Vineland 
Internal/ 
Externalizing 
PPVT-4 
A-ADOS Raven’s 
Matrices 
Vineland 
Socialization 
Repetitive 
Behavior 
Scale-
Revised 
Aberrant 
Behavior 
Checklist 
MLU, 
NDW, 
grammar 
codes 
 
 
Table 2. Summary of transcription measures. 
 
Calculated by SALT 
 
Hand-coded 
MLU=mean 
length of 
utterance 
NDW= 
number of 
different 
words 
Grammatical 
level 
Directedness  Communicative 
Intent 
Phrase without 
verb 
Directed to 
examiner 
Behavior 
regulation 
Phrase with 
verb 
Directed to adult Social 
interaction 
Sentence  Directed to mirror Joint attention 
 Undirected 
 
Unclear 
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Figure 1: Directedness and Communicative Intent Coding. 
 
Statistical Analysis 
Primary outcomes of the study were measures of cognitive ability, repetitive 
behavior, social functioning, maladaptive behavior and language in addition to ASD 
symptom measures. Secondary outcomes were additional language sample measures of 
directedness and communicative intent.  
Composite scores were created for repetitive behavior, social functioning, 
maladaptive behavior and language using the scores of assessments listed under those 
domains in Table 1. Before creating composite scores, participants’ scores on all 
assessments were converted to z-scores. This was done for each participant by 
subtracting the overall sample mean (including both boys and girls) from each 
participant’s own score, and dividing that value by the standard deviation of the sample. 
All 
Utterances 
Directed to 
examiner/
adult 
Behavior 
Regulation 
Social 
Interaction 
Joint 
Attention Unclear 
Undirected/
directed to 
mirror 
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Then, Spearman correlations were run between z-scores of assessments within a single 
domain. For example, the z-scores from the Vineland socialization domain were 
correlated against the ADOS/A-ADOS Social Affect algorithm scores for the social 
functioning domain. A composite domain score was then created by averaging the z-
scores from the tests within each domain.  
Composite scores were not created for ASD symptoms or nonverbal cognitive 
ability. ASD symptoms were measured by calculating total algorithm scores from the 
ADOS and A-ADOS, while cognitive ability was measured by creating z-scores from the 
Leiter and Ravens raw scores. The secondary outcomes of directedness and 
communicative intent were analyzed as percentages rather than z-scores or composite 
scores. Age was the exact age in months rather than z-scores. The remaining 
demographic variables were categorical. 
Differences by sex in domain composite scores, overall ADOS scores, IQ z-
scores, age, percent directedness of speech, and percentage of the four communicative 
intent codes were assessed using the Mann-Whitney U test, a nonparametric test for non-
normal distributions. Differences between boys and girls in categorical demographic 
variables were assessed using a Fisher’s exact test. 
In order to control for confounding variables, a multiple regression model was 
used with the primary and secondary outcome measures. Age and nonverbal IQ were 
considered possible confounders since they have been shown to affect sex differences in 
the autistic population. These were therefore included as predictors along with sex in the 
multiple regression model, with the various scores as the outcomes. If any demographic 
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variables showed significant sex differences (p < .20), they were also considered 
confounders and included as predictors in the multiple regression model. 
The majority of statistical analyses were done using SPSS, with p < .05 being 
considered statistically significant. The statistical software R was used to calculate 
Fisher’s exact test differences in categorical variables. 
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RESULTS 
 
Demographic Information 
Table 3 shows the average ages, and the number and percentages of girls and boys 
in each sub-category of demographic characteristics. The majority of participants were 
non-Hispanic and white, while the participants’ family incomes and parental education 
were more varied. There were no significant differences between boys and girls in the 
demographic characteristics of age, ethnicity, race, annual household income, or highest 
education of caregivers. Age was still controlled for in analysis in addition to nonverbal 
IQ due to the potential relationships with test scores. The other demographic variables 
were not included in the regression analysis.  
 
Table 3. Sample demographic characteristics. 
 
Demographic Info Girls Boys P 
Average age (months) 172.60 162.35 .587 
Ethnicity 4 19 .324 
Hispanic 1 (25) 1 (5.26)   
Non-Hispanic 3 (75) 18 (94.74)   
Race 5 20 .551 
African-American 0 1 (5)   
Asian 0 1 (5)   
Multi-racial 2 (40) 3 (15)   
White 3 (60) 15 (75)   
Annual Household 
Income (thousands) 3 15 .357 
Less than $100 0 4 (26.67)   
$100-149 2 (66.67) 5 (33.33)   
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$150-200 1 (33.33) 1 (6.67)   
Over $200 0 5 (33.33)   
Highest Education of 
Caregivers 4 16 .526 
Less than college degree 2 (50) 3 (18.75)   
College degree 0 4 (25)   
Master's degree 0 4 (25)   
Professional degree 2 (50) 5 (31.25)   
Average age at the time demographic information was collected is included in months for 
boys and girls. For all other measures, the number of individuals in each category is 
given, along with the percentages of girls and boys in parentheses. Significance was set at 
p < .20. 
 
 
 
Correlations 
Table 4 shows the Spearman correlation coefficients and significance level for 
tests included in composite scores. The correlation between ADOS SA and Vineland 
Socialization scores was of moderate strength (rs = 0.55). Correlations between the 
language measures of PPVT scores, MLU, NDW, and grammar codes were strong 
(ranging from rs = 0.65-0.93). Therefore, composite scores were created for the social 
functioning and language domains. The correlations between the repetitive behavior 
measures of ADOS RRB and RBS-R scores, and between the maladaptive behavior 
measures of ABC and Vineland internalizing/externalizing scores were weak (rs = 0.24 
and rs = 0.10, respectively). Composite measures were created for repetitive and 
maladaptive behavior despite the weak correlations, since they were likely due to the 
small sample size.  
 
Table 4. Spearman correlations.  
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Composite Measures Correlation 
coeff. 
 
p 
 
N 
 
Repetitive Behavior       
ADOS RRB/RBS-R 0.24 .241 25 
Maladaptive Behavior       
ABC/ 
Vineland Internal/Externalizing 0.10 .655 24 
Social Functioning       
ADOS SA/Vineland Social 0.55 .006 23 
Language       
PPVT/MLU 0.71 < .001 24 
PPVT/NDW 0.71 < .001 24 
NDW/MLU 0.93 < .001 24 
PPVT/Grammar codes 0.65    .001 24 
Grammar codes/MLU 0.83 < .001 24 
Grammar codes/NDW 0.90 < .001 24 
Correlations were calculated between two variables at a time. The p values shown are 2-
tailed Sig. values, with significance set at p < .05. Due to missing data, the N is different 
for each composite measure. 
 
 
Sex Differences 
ASD Symptoms and Domain Measures 
There were no significant sex differences in ASD symptom severity (Fig. 2), IQ 
(Fig. 3), or the composite measures (Fig. 4). The means and medians for boys and girls 
for each measure are shown in Table 5. The means for ASD symptoms and IQ were 
lower in girls, although the differences were not significant. Lower ADOS algorithm 
scores would indicate fewer autism symptoms in girls. Girls consistently showed higher 
mean z-scores across all four composite measures, although these differences did not 
approach significance. Boys’ scores for the composite variables were all below the 
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sample mean, while girls’ scores were above the sample mean. Higher scores would 
mean more repetitive and maladaptive behavior, but better social and language skills in 
girls. 
 
Table 5. Sex differences in symptoms and language measures. 
 
Composite Girls   Boys   p  
  Mean Median Mean Median   
ASD symptoms  
(raw scores) 20.66 18.90 21.78 22.70 .890 
IQ (z-scores) -0.08 0.15 0.02 -0.10 >.999 
Repetitive Behavior 
composite (z-scores) 0.30 0.07 -0.07 -0.16 .310 
Maladaptive Behavior 
composite (z-scores) 0.16 0.37 -0.02 -0.21 .490 
Social Functioning 
composite (z-scores) 0.14 -0.01 -0.03 -0.12 .630 
Language composite  
(z-scores) 0.24 -0.24 -0.07 -0.13 .700 
Directed Speech (%) 67.60 69.82 56.73 60.31 .410 
BR Speech (%) 26.37 19.41 27.28 25.00 .640 
JA Speech (%) 26.76 29.17 17.93 16.79 .270 
SI Speech (%) 8.69 10.26 14.44 9.87 .370 
UC Speech (%) 38.19 30.77 40.34 40.00 .700 
The p values are asymptotic significance measures, with significance set at p < .05. 
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Figure 2: ADOS overall algorithm total means of girls and boys. 
The mean ADOS algorithm total scores are shown for girls (20.66) and boys (21.78). 
Standard deviations (SDs) were 4.66 for girls and 5.18 for boys. 
 
 
 
 
Figure 3: Mean IQ z-scores of girls and boys. 
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The mean IQ z-scores based on performance on the Raven’s Matrices or the Leiter-3 are 
given for girls (-0.08) and boys (0.02). 
 
 
 
 
Figure 4. Mean composite scores of girls and boys. 
The mean z-scores are given for girls and boys for the four composite variables of 
repetitive behavior (0.30 and -0.07, respectively), maladaptive behavior (0.16 and -0.02, 
respectively), social functioning (0.14 and -0.03, respectively) and language (0.24 and -
0.07, respectively). 
 
 
Language Measures 
There were no significant sex differences in the percentage of directed speech or 
any of the communicative intent language measures (Table 5).  Figures 5 and 6 show the 
mean percentages for girls and boys for directed speech and each communicative intent 
category, respectively. Girls had a higher percentage of directed speech than boys, 
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although this difference was not significant. While there were no significant differences 
in communicative intent, girls had a lower percentage of speech in the behavior 
regulation and social interaction categories, but a higher percentage in joint attention 
compared to boys. In addition, girls had fewer unclear utterances. The highest percentage 
of utterances for both boys and girls was in the unclear category. 
  
 
 
Figure 5: Speech directedness in girls and boys. 
The mean percentage of directed speech out of total utterances is given for girls (67.60) 
and boys (56.73). SDs were 18.27 for girls and 22.85 for boys. 
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Figure 6: Communicative intent measures in girls and boys. 
The mean percentages of speech in each communicative intent category are shown for 
girls and boys: behavior regulation (girls mean 26.37, SD 24.32; boys mean 27.28, SD 
16.07), joint attention (girls mean 26.76, SD 17.54; boys mean 17.93, SD 10.82), social 
interaction (girls mean 8.69, SD 6.91; boys mean 14.44, SD 10.43) and unclear utterances 
(girls mean 38.19, SD 14.29; boys mean 40.34, SD 17.26).  
 
 
Regression Analysis 
ASD Symptoms and Domain Measures 
Table 6 shows the beta coefficients, standard error, and p-values calculated in the 
regression analysis with sex, IQ and age as predictors. There was no effect of sex on the 
ASD symptom or domain scores. However, there was a significant effect of IQ on the 
maladaptive behavior (p = 0.01), social functioning (p = 0.016), and language (p = 0.007) 
composite scores, as well as a trend toward significance for ASD symptoms (p = 0.069). 
This means that the child’s IQ affected their performance on these measures. More 
specifically, the negative beta coefficients indicated that children with higher IQs had 
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fewer ASD symptoms and maladaptive behaviors. The positive beta coefficients showed 
that children with higher IQs performed better on social and language measures. There 
was a significant effect of age on the language composite measure (p = 0.011) and a trend 
toward significance in ASD symptoms (p = .08). The beta coefficients indicated that 
older children showed fewer ASD symptoms and more advanced language skills. 
 
Language Measures 
Table 6 also provides the beta coefficients, standard error, and p values based on 
the multiple regression analysis for language measures. There was no significant effect of 
sex on language measure outcomes. There was a significant effect of IQ on directed 
speech (p = 0.018) and joint attention speech (p = 0.043), with children of higher IQs 
having higher percentages of each. There was also a trend toward significance for 
behavioral regulation speech (p = 0.097), with higher IQs resulting in lower percentages 
in that category. There was a significant effect of age (p = 0.002) in which older children 
had higher percentages of directed speech than younger children. 
 
Table 6. Multiple regression analysis results. 
 
Outcome Sex     IQ     Age     
  B 
Std. 
Error p B 
Std. 
Error p  B 
Std. 
Error p 
ASD 
symptoms 1.095 2.309 .640 -1.842 0.962 .069 -0.034 0.018 .080 
IQ 0.087 0.512 .867       -0.001 0.004 .786 
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Repetitive 
Behavior -0.381 0.408 .362 -0.173 0.170 .321 -0.003 0.003 .378 
Maladaptive 
Behavior -0.026 0.388 .947 -0.410 0.144 .010 0.001 0.003 .718 
Social 
Functioning -0.178 0.446 .694 0.444 0.167 .016 0.004 0.003 .290 
Language -0.275 0.344 .433 0.431 0.145 .007 0.008 0.003 .011 
Directed 
Speech (%) -11.211 8.159 .185 8.852 3.444 .018 0.253 0.071 .002 
BR Speech 
(%) 1.313 8.757 .882 -6.438 3.696 .097 0.034 0.077 .665 
JA Speech 
(%) -9.168 5.770 .128 5.269 2.436 .043 -0.050 0.051 .336 
SI Speech 
(%) 5.653 4.985 .270 0.998 2.104 .640 -0.057 0.044 .203 
UC Speech 
(%) 2.202 8.634 .801 0.171 3.644 .963 0.074 0.076 .342 
Beta, standard error, and p values are given based on multiple regression analysis. 
Significance was set at p < .05, with p < .10 signifying a trend. ASD symptoms, domains 
and language measures were included as outcomes, with sex, IQ and age as predictors. 
Significant effects are bolded while trends are italicized. 
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DISCUSSION 
 
 There were no significant differences between girls and boys in ASD symptoms, 
cognitive ability, repetitive and maladaptive behavior, social functioning, language, or the 
specific language coding measures. Multiple regression analysis found a significant effect 
of IQ and age, but not of sex, on certain outcome measures. More specifically, children 
with higher IQs had fewer ASD symptoms and maladaptive behaviors, more advanced 
social and language skills, more directed speech, higher percent of speech in the joint 
attention category, and lower percent in the behavioral regulation category. In addition, 
older children showed fewer ASD symptoms, more advanced language, and more 
directed speech than younger children. 
 
Sex Differences 
The failure to find sex differences in IQ specifically among autistic individuals 
contradicts much of previous literature. Volkmar and colleagues12 found sex differences 
in the IQ of autistic individuals but not in autism symptoms. When nonverbal IQ was 
controlled in children with autism, a sex difference persisted for IQ but disappeared for 
the other areas of language ability, eye-hand integration and perception skills.14 However, 
this study by Lord and colleagues14 included younger children aged 3 to 8 years and the 
results may therefore not apply to older individuals. Although these studies failed to find 
sex differences in ASD symptoms, they still found differences in IQ in girls and boys 
with autism. However, Mandy et al58 failed to find sex differences in IQ in individuals 
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with ASD at higher IQ levels. This study included participants of a similar age range as 
the present study, but subjects were verbal. Similarly, there were no sex differences in 
perceptual-motor or cognitive abilities in autistic individuals matched on age and 
receptive language level.52 Therefore, a few studies have findings consistent with the 
current study regarding no sex differences in the IQ of autistic individuals. Rather than 
recruiting all participants with high IQs or low IQs, this study includes individuals with 
varying intellectual ability. Therefore, the results relating to IQ likely reflect this degree 
of variability and may not be comparable with those of other studies. 
 Since previous research on sex differences in autism symptoms is conflicting, the 
null findings of the present study are consistent with a portion of studies of verbal 
individuals with ASD. Of these, Solomon and colleagues91 failed to find differences in 
autism symptoms in boys and girls aged 8-18 with ASD. Similar to the present study, 
they had controlled for age and IQ in analysis and recruited participants of a similar age 
range. Unlike this study, Solomon et al91 used mainly parent-reported questionnaires 
rather than ADOS scores as symptom measures. They also included participants with 
different diagnoses, high IQ levels and more advanced language (received Modules 3 and 
4 on the ADOS) than participants in the present study. Among studies using the ADOS as 
a symptom measure, Holtmann and colleagues43 failed to find symptomatic sex 
differences in individuals aged 5-20 with ASD when matching on age and IQ. However, 
sex differences emerged in parent reports of coexisting psychopathology, specifically in 
social, attention and thought problems.43 When different diagnostic assessments were 
used to assess children with autism, there were no differences in reported symptoms for 
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girls and boys matched on chronological and mental age.60 The findings of these studies 
support the decision to use clinically-based assessments in addition to parent reports in 
the present study. However, if only parent reports had been used, significant sex 
differences in symptoms may have emerged. On the other hand, Baron-Cohen and 
colleagues49 found no differences in symptoms of girls and boys with ASD based on a 
parent-reported questionnaire. Similar to the present study, that sample included 
participants with varying levels of intellectual ability.  
While Baron-Cohen’s sample was larger than those in the other studies, all three 
studies had fewer than a hundred participants in each group. This suggests that sex 
differences may not appear significant in small samples due to factors such as inter-
participant variability. This is supported by the relatively large standard deviations in the 
present study for ASD symptoms, speech directedness, and intentional communication 
measures. The additional implications of small sample size will be discussed along with 
this study’s limitations. Another study with a relatively small sample size found sex 
differences in adults with ASD but not in their childhood autism symptoms.56 This study 
by Lai and colleagues suggests that symptomatic sex differences may develop as children 
and adolescents with autism get older, which helps to explain the results of the present 
study. Therefore, the previous studies yielding no symptomatic sex differences in 
individuals with ASD can support the validity of this study’s findings. While those 
studies included participants in a similar age range as this study’s participants, they differ 
in their language profiles. It is therefore necessary to analyze additional studies that 
recruited participants at a similar language level. 
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Two previous studies investigating sex differences included autistic children at a 
similar language level as those in the present study (Module 1 or 2 on the ADOS).44,59 
However, the participants in both of these studies were toddlers that showed sex 
differences in developmental profiles.44,59 The first study, by Hartley and Sikora,59 found 
that girls with ASD had significantly poorer communication but fewer restricted, 
repetitive behaviors than boys. However, these results were based on the ADOS-G 
(Generic),92 an earlier version of the ADOS-2 that was used in the present study. An 
important difference between the two versions is that the ADOS-2 combines the domains 
of Communication and Social Interaction from the ADOS-G into the single domain of 
Social Affect. Hartley and Sikora59 found a sex difference in the ADOS-G RRB and 
Communication scores, but not in the Social Interaction scores. Therefore, the present 
study may have yielded similar results if the ADOS-G rather than the ADOS-2 algorithm 
was used. However, the use of the A-ADOS was most appropriate for the older 
minimally verbal individuals, and likely reflects important developmental differences that 
distinguish them from toddlers.  
The second study by Carter and colleagues44 found sex differences in toddlers 
with ASD in the Communication algorithm scores from the ADOS but not the Social 
Interaction or RRB scores. They also found that boys had more advanced language than 
girls based on a language composite measure, which was consistent with the ADOS-G 
results. However, the language composite created by Carter et al44 included different 
language assessments than the present study. This study used a standardized assessment 
and natural language sample as a language measure, while Carter and colleagues used a 
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different type of standardized language assessment and a parent-reported measure 
(Vineland).44 These measures may assess different aspects of language than natural 
language samples, which are observational and un-elicited. Therefore, the present study 
could have had similar findings as Carter and colleagues if different language 
assessments were used. However, natural language samples are validated instruments for 
measuring language and there are developmental differences between older adolescents 
and toddlers.  
When comparing studies that have found symptomatic sex differences in autistic 
individuals to those that have not, the major difference is in the sample size. The average 
sample size for studies yielding null results is under a hundred participants, while studies 
showing sex differences have over a hundred participants on average. Both types of 
studies include samples from clinics, autism organizations, and research centers. 
However, there are more studies that recruited from databases among those that showed 
sex differences, which likely explains the larger sample sizes. While these variables 
change based on the study, the age ranges, intellectual ability of participants and 
matching strategies are similar between the two types of studies. Therefore, the results 
are likely highly dependent on the characteristics of that specific study’s sample. The 
participants in the present study are different than those in previous studies, and therefore 
previous research serves as a limited means for comparison. Although certain studies 
included participants of similar ages or language abilities, the specific combination of 
older age and profound language impairment is unique to this study. The findings 
therefore provide a new understanding of the sex differences in autism. They suggest that 
	51 
having severe language impairment can affect the manifestation of autism symptoms and 
can overrule any sex differences previously found in other symptom areas. These results 
also imply that those in the minimally verbal group are distinct from verbal individuals 
with ASD in their symptomatic profiles in addition to their language ability. This 
knowledge could have implications for theories related to sex differences in autism. 
There is substantial evidence that a female protective effect exists in which 
females require a greater etiologic load than males to develop autism.17,18,22 This model 
potentially explains the increased prevalence of males with ASD and implies that females 
diagnosed with autism would demonstrate more severe impairments than males.17,18 The 
findings of this study suggest that if a female protective effect exists in minimally verbal 
individuals, it does not manifest in the symptoms of these individuals. Rather than 
finding more severe symptoms in minimally verbal females, no sex differences in 
symptoms were found. However, the prevalence ratio of boys to girls in the sample 
reflects the increased prevalence of males with ASD. This suggests that the increased 
genetic load may exist in females but is not reflected in the physical symptoms of 
minimally verbal individuals. However, these findings can only provide limited insight 
into this theory because genetic tests were not conducted. Therefore, additional research 
is required to explain the differential risk in autistic individuals with minimal verbal 
ability. 
 
Intellectual Ability and Age 
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The finding of an inverse relationship between IQ and autism symptoms 
replicated those of many previous studies. 93-97 Mayes and Calhoun97 showed that autism 
symptom severity was unrelated to sex but found that it increased as IQ decreased. They 
also found that IQ was unrelated to severity of social problems, but inversely related to 
repetitive behaviors such as repetitive play and stereotypical movements.97 There was no 
relationship between IQ and repetitive behaviors in minimally verbal participants. This 
could be the result of the unique symptomatic profiles of this subgroup. McGovern and 
Sigman98 also found that improvement in repetitive and adaptive behavior and social 
interaction was greater in autistic individuals with high IQs compared to those with low 
IQs. Similarly, autistic females with a lower IQ had worse social skills and less adaptive 
behavior than those with a higher IQ.53 These studies therefore support the finding of 
fewer maladaptive behaviors and better social skills in autistic individuals with higher 
IQs. Therefore, the symptomatic profiles of minimally verbal individuals show both 
similarities and differences compared to those of verbal individuals with ASD. 
Results related to the relationship between language and IQ in verbal autistic 
individuals have been less consistent. On the one hand, Lai et al56 found that autistic 
females with developmental language delay had lower performance IQs than those 
without language delay. In addition, higher nonverbal cognitive ability was predictive of 
enhanced expressive and receptive language skills.99,100 Enhanced cognitive ability in 
children with autism was also correlated with better communication skills based on 
Vineland scores.101 However, the participants in these studies were younger than those in 
the present study and therefore results may not be comparable. Munson and colleagues102 
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found that the discrepancy between nonverbal and verbal ability was varied in individuals 
with autism. However, this study did not exclusively investigate the relationship between 
these abilities in the minimally verbal subgroup. 
On the other hand, Mundy and colleagues103 found that IQ did not significantly 
predict language development in autistic children. However, this sample included young 
verbal children who likely develop language differently than minimally verbal 
individuals. Bartak and Rutter104 found no relationship between cognitive ability and 
language delay, but showed that autistic individuals with higher IQ interacted with adults 
more easily than those with intellectual disability. This could explain the finding of more 
directed speech in participants with higher IQs. In addition, lower IQ was associated with 
decreased reciprocal interaction, poor eye contact and disconnectedness.97 Since eye 
contact was a major component in coding for directed speech, this also supports the 
finding of a positive relationship between directed speech and IQ. Related to joint 
attention, nonverbal IQ had no influence on a treatment effect of initiation of joint 
attention in autistic children.105 Maljaars et al68 similarly found only weak correlations 
between nonverbal mental age (based on intelligence test scores) and percentage of 
speech used for joint attention, behavior regulation, and social interaction in autistic 
individuals. This therefore supports the finding of no relationship between IQ and percent 
of speech in the social interaction category, but contradicts those related to the joint 
attention and behavioral regulation categories. Therefore, the results related to the 
relationship between IQ and language reveal certain differences in the language profiles 
of minimally verbal individuals compared to verbal individuals. Overall, the finding of an 
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effect of IQ on certain characteristics suggests that having a high IQ is protective from 
having more severe impairments in these areas. 
The finding of an inverse relationship between autism symptom severity and age 
is supported by multiple previous studies.97,106 McGovern and Sigman98 specifically 
found improvements in social interaction, empathy and adaptive behavior in autistic 
individuals from middle childhood to late adolescence. In addition, decreasing age was 
related to increased repetitive behaviors.107,108 These samples included participants of a 
wide age range and varying language abilities. There was no relationship found between 
age and social skills, repetitive or maladaptive behaviors specifically in the present study. 
This suggests that the minimally verbal subgroup differs from verbal individuals with 
autism. Related to the relationship between age and language ability, lower age was 
correlated with delayed speech milestones and language regression after one year of 
age.97 This finding provides support for the present finding of more advanced language in 
older children in the present study.  
In terms of language coding measures, Maljaars et al68 found negligible 
correlations between chronological age of autistic individuals and their overall rate of 
intentional communication or speech used for the purposes of behavior regulation, joint 
attention and social interaction. This finding contradicts the relationship found between 
age and directed speech, but confirms the finding of no relationship with the three 
communicative intent categories. On the other hand, Naber and colleagues109 showed that 
a specific type of joint attention behavior increased as autistic children became older. The 
present study only found a relationship between joint attention speech and IQ rather than 
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age. The findings related to age and ASD symptoms and language support that minimally 
verbal individuals have certain differences in their symptom profiles compared to verbal 
individuals with ASD. They also suggest that children may develop certain skills as they 
get older, possibly through participation in therapy. 
 
Limitations 
 There are several limitations of the present study related to the sample, 
assessments, and analytic methods that could affect the validity of the results. The sample 
size was small and therefore the results have limited statistical power, or a lower 
probability of detecting an effect when one actually exists. Small sample sizes also make 
it more difficult to detect small differences. Therefore, there could have been actual sex 
differences that went undetected and were considered non-significant in statistical 
analysis. A sample size calculation can be done in order to determine the number of 
participants needed to detect a significant difference. The effect size, or difference 
between means, is used to calculate sample size. Based on an effect size of 1.115 
calculated for the overall symptoms measure and assuming a 1:4 ratio, a study would 
need 198 girls and 792 boys to detect any significant sex difference. Therefore, the 
sample size of present study is far too small to detect a difference with such a small effect 
size. Small sample size also increases the likelihood of type I and type II error, or the 
likelihood of finding false-positive and false-negative results, respectively.  
The wide age range of participants in the sample was another limitation and could 
have led to an incorrect finding of no sex differences in symptoms. Previous studies that 
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have included participants of a broad age range had null or contradictory results related to 
sex differences in autism symptoms.43,58,91 A potential explanation for this is that 
different patterns of sex differences in symptoms exist at different points in 
development.56 This was demonstrated by a finding of sex differences in the symptoms of 
adult males and females with autism, but not in their childhood autism symptoms.56 
Therefore, any sex differences in older individuals in the present study could have been 
obscured by the inclusion of younger children. The sample was also restricted to 
minimally verbal girls and boys with autism and excluded individuals with more 
normative language and higher IQ. Although this choice of sample reflects its purpose, 
the study has limited generalizability because results may not apply to individuals 
throughout the autism spectrum. There is also a risk of selection bias if the sample is not 
representative of the intended population of minimally verbal individuals due to the 
specific location and requirements of testing.  
 Although the assessments have been validated in individuals with autism and 
recommended for minimally verbal participants, they are still limited in their ability to 
accurately measure the skills of this population. Minimally verbal children with autism 
display challenging behaviors, show non-compliance with demands and often try to 
escape from tasks.62-64 Therefore, test results may not be a valid reflection of their skills if 
noncompliance was an issue. In addition, the scores used from the tests only provide 
quantitative rather than qualitative data. While the assessment content included 
information related to specific types of skills or deficits, the overall scores did not capture 
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this information. Therefore, any qualitative differences in the strengths or weaknesses of 
girls and boys could not be detected.  
Although scores from multiple tests were combined into composite measures to 
increase validity, this analytic method may have skewed results. Tests included in two of 
the composite scores had low correlations and therefore may not have been measuring the 
same symptoms. The weakest correlation (0.096) was between the ABC and Vineland 
Internalizing/Externalizing scores within the maladaptive behavior composite.  
Although this low correlation could be the result of a small sample size, it may reflect 
inconsistencies between the two tests. While both assessments include questions about 
social difficulties and tantrum behavior, the ABC covers additional topics such as 
repetitive movements and stereotyped behaviors. Therefore, the maladaptive behavior 
composite may not be a precise measurement since the two assessments differ in certain 
ways.  
 
Future Directions 
 Future research investigating sex differences in ASD symptoms should address 
the limitations of the present study. A larger sample size with a narrower age range of 
participants should be included in order to increase the likelihood of correctly detecting a 
difference. The findings related to IQ and age reinforce the need to control for these 
variables in regression analysis when investigating sex differences. Future cross-sectional 
studies could incorporate and analyze data regarding qualitative differences in symptoms 
and behaviors between minimally verbal boys and girls with ASD. Future research could 
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also further address the question related to patterns of sex differences across development 
by conducting a prospective cohort study. For this study design, autistic participants 
could complete behavioral assessments at multiple time points between early childhood 
and late adolescence. These future studies would contribute to the knowledge of sex 
differences in the symptoms of minimally verbal autistic individuals. Additional research 
could investigate sex differences in genetic factors in the minimally verbal subgroup in 
order to determine if the female protective effect exists in these individuals. Researchers 
could also determine if under-diagnosis of girls occurs among minimally verbal 
individuals with ASD by comparing rates of documented and undocumented diagnosis in 
boys and girls. Parent and teacher-reported measures could also be included in order to 
assess the presence of interpretation bias in this subgroup. Further research is needed to 
determine the presence and nature of any sex differences in minimally verbal individuals 
and to explain the increased prevalence of autism in males.  
 
Conclusions 
This study investigated sex differences in minimally verbal children and 
adolescents with autism in order to characterize their symptom profiles and to explain the 
increased prevalence of autism in boys. Differences between boys and girls in ASD 
symptoms, social functioning, repetitive and maladaptive behavior, and various language 
measures were assessed based on scores from a variety of behavioral tests and coding of 
language samples. No significant sex differences in ASD symptoms, associated features, 
or language measures were found. In a regression analysis, there were main effects of age 
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and IQ but not of sex for various measures. The lack of symptomatic sex differences 
found in minimally verbal individuals suggests that, if the increased genetic load exists in 
these females, it does not manifest in the symptoms of this subgroup. The conflicting 
results related to sex differences suggest that minimally verbal participants differ from 
verbal individuals in their symptomatic profiles in addition to their language ability. 
Despite the study’s limitations, the results provide valuable knowledge regarding sex 
differences and the symptom profiles of minimally verbal girls and boys with autism. 
This knowledge could promote early diagnosis and access to treatment for minimally 
verbal individuals with ASD.  
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